We recently discovered a yellow supergiant (YSG) in the Small Magellanic Cloud (SMC) with a heliocentric radial velocity of ∼ 300 km s −1 which is much larger than expected for a star in its location in the SMC. This is the first runaway YSG ever discovered and only the second evolved runaway star discovered in a different galaxy than the Milky Way. We classify the star as G5-8 I, and use dereddened broad-band colors with model atmospheres to determine an effective temperature of 4700 ± 250K, consistent with what is expected from its spectral type. The star's luminosity is then log L/L ⊙ ∼ 4.2 ± 0.1, consistent with it being a ∼ 30Myr 9M ⊙ star according to the Geneva evolution models. The star is currently located in the outer portion of the SMC's body, but if the star's transverse peculiar velocity is similar to its peculiar radial velocity, in 10 Myr the star would have moved 1.6
Discovery
conducted a radial velocity study of yellow stars seen in the direction of the Small Magellanic Cloud (SMC) in order to identify its yellow supergiant (YSG) population. As shown in Figure 1 , the observed radial velocities are either clustered around 0 km s −1 (as expected for foreground yellow dwarfs), or around the SMC's heliocentric radial velocity of 158 km s −1 (Richter et al. 1987) as indicated by the black line and expected for SMC yellow supergiants. One star, J01020100-7122208, however, has a heliocentric radial velocity of around 300 km s −1 , 140 km s −1 greater than expected. Neugent et al. (2010) don't explicitly comment on this star; at the time we believed it to be a likely short-period binary. However, we have now completed additional observations that rule out this explanation. Instead, this star is the first runaway YSG discovered and the second evolved runaway star discovered in another galaxy.
The concept of runaway massive stars has been around for sixty years. Blaauw (1956a Blaauw ( , 1956b ) discovered that some OB stars stars have much higher space velocities than other stars in their surroundings. Zwicky (1957) was the first to hypothesize that such stars should exist due to supernovae explosions causing the secondary in a binary system to be shot off into space. However, Gies & Bolton (1986) showed that the close binary frequency of runaway OB stars was the same as for non-runaways, suggesting that the binary ejection mechanism was not the primary source of runaway stars. There have since been other theories as to how such runaway stars exist including the effects of different dynamical interactions (Leonard & Duncan 1990) or interactions with massive black holes (Capuzzo-Dolcetta & Fragione 2015; Fragione & Capuzzo-Dolcetta 2016) . Runaway stars aren't rare, with as many as 50% of OB stars considered runaways with peculiar (difference between observed and expected) radial velocities larger than 40 km s −1 (Gies & Bolton 1986) .
Given that such a large fraction of OB stars are runaways, it is surprising that there are very few evolved massive stars known to be runaways. Three Galactic red supergiants (RSGs), Betelgeuse, µ Cep and IRC-10414, are thought to be runaways based upon the presence of bow shocks (Noriega-Crespo et al. 1997 , Cox et al. 2012 , and Gvaramadze et al. 2013 . Evans & Massey (2015) recently identified a runaway RSG in the Andromeda Galaxy directly from its peculiar velocity. The star we discuss here is the first known runaway YSG anywhere and is only the second known evolved massive star runaway of any kind found in another galaxy. In Section 2 we'll discuss our observations and how we calculated the radial velocities. In Section 3, we'll give an overview of the physical properties of this runaway YSG. In Section 4 we'll discuss our results and conclusions.
Observations, Reductions, and Radial Velocity Calculation
As mentioned above, we originally believed that the star's abnormally large radial velocity was due to binary motion. Once we entertained the idea of it being a runaway star we obtained three additional spectra to investigate this possibility.
Our first (discovery) spectrum was obtained using Hydra on the CTIO 4-m Blanco telescope on (UT) 2009 Oct 9. The second spectrum was obtained on (UT) 2017 Aug 16 using the Echelle on the du Pont 2.1-m telescope on Las Campanas in Chile. The spectrum was under-exposed in the blue, as our goal was simply to check on the radial velocity from the Ca II triplet in the far red. Subsequently (2017 Dec 31) we obtained a high signal-tonoise spectrum with MagE on the Las Campanas Baade 6.5-m Magellan telescope for the purposes of spectral classification and radial velocity measurement, plus a shorter exposure the following night simply to confirm the radial velocity. The wavelength ranges, spectral resolution (∆λ/λ), and exposure times are summarized in Table 1 . To help with spectral classification we also observed six bright (V ∼ 10 − 12) yellow supergiants in the SMC and LMC, ranging in type from F0 to G8.
The full calibration and reduction details for the Hydra spectrum are given in Neugent et al. (2010) . For the MagE spectra, we obtained bias and flat-field exposures during the day, and each program exposure was followed immediately by a comparison arc exposure. We used Jack Baldwin's mtools routines in IRAF 1 for the spectral extractions; these routines are available from the Las Campanas website. The standard IRAF echelle reduction tasks were then used for wavelength calibration and flux calibration using spectrophotometric standards. For the duPont data, Milky flats were obtained with the afternoon sky and a diffusor in front of the slit, and the reductions are all performed with IRAF, without intervention of the 'mtools' package.
We measured the radial velocities using two methods: first, by fitting a Gaussian to each of the Ca ii triplet lines (λ8498, λ8542, λ8662), and secondly by cross-correlating the Hydra radial velocity standard stars from Neugent et al. (2010) against the new spectra in the region around the Ca ii triplet. The two methods agreed to within 1 km s −1 . We give the average heliocentric radial velocities (HRV) of the two methods in Table 1 . All four values are consistent with each other, essentially ruling out the possibility that the large peculiar radial velocity is due to motion in a close binary system. A small difference is seen in the values between various telescopes, which we believe is due to minor offsets in the instrumental velocity zero-points. To investigate this further, we measured the radial velocities of the six MagE spectral standards, five of which have published radial velocities from other sources. As is shown in Table 2 , we find that the differences ranged from -14.0 km s −1 to +18.6 km s −1 , consistent with our assertion that our measurements do not indicate any significant radial velocity variations for our runaway.
For consistency we also remeasured the velocity from our original Hydra spectrum. Much to our chagrin, we discovered that we had originally misapplied the heliocentric correction. This affects all of the individual radial velocities given in Table 1 of that paper by ∼11.0 km s −1 , with the previously published values too large. We take the opportunity to reissue the table here, as Table 3 . Note, however, that this does not affect anything else in that paper, as our assignment of membership to the SMC was based upon the distribution of velocities, and those were completely accurate in a relative sense, since the heliocentric corrections for all stars were the same. We also took the opportunity to update the table with revised spectral types that were subsequently published.
Physical Properties
In this section we use our spectral information and photometry to determine the star's effective temperature and luminosity, allowing us to place the star on the H-R diagram. We can then use evolution models to determine other physical properties, such as approximate mass and age.
Spectral Classification
In Figure 2 we compare the spectrum of our star to six spectral standards, Sk 105 (F0 Ia), Sk 55 (F3 Iab), HD 271182 (F8 0), HD 269953 (G0 0), HD 269723 (G4 0), HD 268757 (G8 0). The two early F stars are SMC members classified by Ardenberg & Maurice (1977) ; the others are LMC members classified by Keenan & McNeil (1989) , and considered to be MK standards. (The luminosity class "0" is one notch above the Ia designation.) We see immediately that our runaway is of G-type, based both upon the abundance of metal lines (despite the lower metallicity of the SMC compared to that of the LMC), and the weakness of the hydrogen lines. The strength of the G-band argues that the star is closer to type G8 than to G0; we assign a type of G5-8 I. For G stars, the strengths of the Ca II H and K lines provide a crude luminosity indicator, developing wide wings at high luminosities (Kaler 2011) , and it is clear from Figure 2 that these lines in our runaway are comparable to those of the supergiant standards.
Effective Temperature
The uncertainties in the effective temperature scale for late-type supergiants are nicely discussed in the classic review by Böhm-Vitense (1981) . A typical temperature for a G8 I star is 4570-90 K, while a G3 I star would be 4980 K (Böhm-Viense 1981 , Cox 2000 . Thus the expected temperature range for our star would be 4500-4800 K, with the caveat that the relationship between spectral type and effective temperature has only been established for solar metallicity stars. Since the metallicity of the SMC is roughly one-quarter solar, we expect that the effective temperature will be slightly cooler, probably by ∼ 100K, based on our previous modeling experience of RSGs (see e.g., Levesque et al. 2006 ).
We can refine our estimate of the effective temperature by instead using broad-band photometry and appealing to stellar atmosphere models of the appropriate metallicity. The major uncertainty is what to assume for the reddening. The observed colors are included in Table 3 . According to Cox (2000) , the intrinsic (B − V ) 0 of a G5 I star is 1.02, while that of a G8 I is 1.14. The observed B − V color is 1.15, suggesting a color excess in the range E(B − V ) = 0.01 − 0.14. However, we know that the foreground reddening towards the SMC corresponds to an E(B − V ) = 0.04, while the typical color excess of SMC OB stars is E(B − V ) = 0.09 (Massey et al. 2007) . Let us consider then three different values for the reddening, E(B − V ) = 0.04 (minimum, only foreground), 0.09 (typical of OB stars), and 0.14. For the other colors, we adopt the relations between color excesses given by Schlegel et al. (1998) 
In Table 4 we list the deredded colors, along with the corresponding effective temperatures derived from the updated ATLAS9 models (Castelli & Kurucz 2003) for a metallicity of [-0.5 ], corresponding to 0.3× solar, appropriate for the SMC 2 . The range of reddening we consider changes the derived temperature by only 100 K. There is a larger difference (500 K) depending upon which color index we use 3 . We adopt an average temperature 4700 +/-250, in good agreement with the temperature we obtained via the spectral type. Note that the two methods are essentially independent of each other.
We adopt an absolute visual magnitude of the star M V = −5.4 ± 0.2, based upon a distance of the SMC of 59 kpc (van den Bergh 2000) . The uncertainty represents the difference in the correction for extinction based upon the amount of reddening assumed, with A V = 3.1E(B − V ). The bolometric correction is then −0.4 ± 0.2 based on the ATLAS9 models, with the error corresponding to the uncertainty in temperature. Thus the star's luminosity is log L/L ⊙ = 4.2 ± 0.1. We summarize the physical properties in Table 5 .
H-R Diagram
In Figure 3 we show the star's location in the H-R diagram and include the latest version of the Geneva evolution tracks. These have been interpolated to z = 0.004 (appropriate for the SMC) using the grid of models from Georgy et al. (2013) . We see that the luminosity and effective temperature of our runaway corresponds to a star with an initial mass of about 9M ⊙ . The tracks were computed using the assumption of an initial equatorial rotational velocity that is 40% of the critical break-up speed, which is probably the most representative (see discussion in Ekström et al. 2012 and Georgy et al. 2013 ). However, we show by the dotted 9 M ⊙ track the effect of a 1.5× lower rotational velocity. The age associated with this stage is about 30 Myr, regardless of the initial assumptions. It must be noted, however, that the expulsion mechanism behind this star becoming a runaway could have altered its evolutionary background and thus the age and mass we are able to predict.
Discussion and Conclusions
We briefly considered the possibility that this was was a foreground object: a very metal poor star out in the Galactic halo, for instance, could have a very high space velocity. Once we obtained the blue/optical spectrum described here, though, we could rule out this interpretation, as such a metal-poor object would show almost no spectral features other than the Balmer lines, the G-band, and H and K, while our optical spectrum discussed above shows numerous metal lines. The remote possibility that this was a foreground dwarf with an extraordinary radial velocity could also be dismissed from the wide wings of of the H and K lines, indicating high luminosity, as discussed in Section 3.
quickly, with a log g of 0.8 [cgs] .
The spatial location of the runway YSG is shown in Figure 4 . It is not located within the central portion of the SMC and is instead out on the edge of the galaxy, far from any regions of current star formation. We posed the following question: If the star's tangential motion is the same as its peculiar radial velocity, how far would it move during its lifetime? We used 10 Myr as a ball-park estimate for the time involved, since we do not know how long it has been traveling (the star's age is 30 Myr); in that period of time it would have moved 1.6 degrees! This distance is shown in Figure 4 as the large red circle. It clearly encompasses the central portion of the SMC suggesting that this star could have been ejected from the body of the galaxy as an unevolved OB star. Note, however, that the kinematics of the SMC is quite complicated. Stanimirovic et al. (2004) found that there is a velocity gradient throughout the galaxy with the northeast quadrant (close to where this star is located) rotating up to 10 km s −1 faster than the SMC's average heliocentric radial velocity. Thus, it is possible that this star's peculiar velocity is smaller than expected, but by no more than 10 km s −1 (see Figure 3 in Stanimirovic et al. 2004 ).
We suspect that the YSG began in a binary system and was flung out into space when the primary star went supernova. Gies & Bolton (1986) concluded that supernova explosions are not the primary mechanism behind runaway stars but most runaway stars have peculiar velocities on the order of 40-80 km s −1 and this runaway's is much higher. As noted by Evans & Massey (2015) , only two Galactic O stars are known to have peculiar velocities > 100 km s −1 , and all three runaway RSGs in the Milky Way have peculiar velocities < 70 km s −1 . We believe that the high peculiar velocity of this YSG points to it originating due to a supernova explosion following the original suggestion of Zwicky (1957) and Blaauw (1956a Blaauw ( , 1956b .
Many runaway stars are found using their bow shocks, or a presence of an infrared excess (Gvaramadze et al. 2010) . We estimated that in this case the bow shock would be around 3.0 ′′ away from the star. We first looked for any sign of the bow shock in MIPS SAGE-SMC data (Gordon et al. 2011 ) but sadly the resolution was too poor. We then obtained Hα imaging of the star using the Slope 1-m telescope at Las Campanas but again we saw nothing. Finally, we looked at MCELS data (Smith et al. 2000) to no avail. If there is a bow shock for this runaway star, we were not able to find it.
Another interesting point to make is that these runaway stars can act as dispersing mechanism for enriched elements; for example, this YSG will eventually explode as a supernova far away from where it was created. Since such a large fraction of OB stars are runaways, this must occur on a fairly regular basis. Thus, the process of runaway stars acts as a mechanism for dispersing elements throughout the galaxy. Although massive stars are well known to be the major source of many of the heavier elements (Maeder 1981) , runaways have been largely ignored in favor of diffusion and similar processes as a means of dispersal (see, e.g., Pipino & Matteucci 2009 Tonry and Davis (1979) r parameter which is a proxy for the error on each measurement with high values indicating lower errors. This paper discusses the star with the abnormally large radial velocity located at ∼ 300 km s −1 . Data from Neugent et al. (2010) with a small revision as described in the text. We are making these data available electronically as the "Data behind the Figure. " Fig. 3 .-H-R diagram along with Geneva evolution tracks. The luminosity and temperature are shown with errors. The Geneva z=0.006 evolution tracks are plotted in black during the main-sequence phase and then red during the evolved stages. These tracks were interpolated to a metallicity of z=0.004 (SMC-like) using the interactive web tool at the Geneva web site (https://obswww.unige.ch/Recherche/evoldb/index/Interpolation/) starting with the B-type stars grid published by Georgy et al. (2013) and adopting an initial equatorial rotation velocity of 40% of the breakup speed (Ω/Ω crit = 0.568). The dotted 9M ⊙ track is for a value of Ω/Ω crit = 0.379. Regardless of the assumption, the tracks indicate a mass of 9M ⊙ and an age of about 30 Myr for the YSG runaway. • the star would travel over 10 million years if its transverse velocity is similar to its radial peculiar velocity. 
